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1
LIGHT TRANSPORT CONSISTENT SCENE
SIMPLIFICATION WITHIN GRAPHICS
DISPLAY SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application is related to patent application, “SUR-
FACE CLASSIFICATION FOR POINT-BASED RENDER-
ING WITHIN GRAPHICS DISPLAY SYSTEM,” concur-
rently filed with this application Ser. No. 13/553,525, which
is herein incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

Light transport algorithms based on ray tracing are used to
sample a three dimensional scene and its illumination by
casting rays within the scene. Typically, a large number of
rays are required for high quality rendering, i.e. with an
acceptable noise level. Because of this complexity, it is often
beneficial to perform parts of lighting computations using a
simplified representation of the three dimensional scene.
Typical simplified representations are created using a stan-
dard k-nearest neighbor search to adapt to the local density of
ray endpoints and derive a radius for each one. However,
while creating a simplified representation is fast and auto-
matic, there is no guarantee that the obtained simplified rep-
resentation faithfully represents the original three dimen-
sional scene. Scene misrepresentations due to simplification
can lead to unwanted artifacts in rendered images.

BRIEF SUMMARY OF THE INVENTION

Accordingly, a need exists for a computer graphics method
to create a simplified scene representation that is consistent
with and faithfully represents the original three dimensional
scene.

Embodiments of the present invention are directed towards
a computer graphics method. The computer controlled
method includes casting a first plurality of rays towards an
original three dimensional scene comprising objects with
object surfaces. The first plurality of rays may be recast within
the original three dimensional scene. The method also
includes constructing a simplified representation of the origi-
nal three dimensional scene and adjusting the simplified rep-
resentation to be consistent with the first plurality ofrays used
in the initial sampling of the original three dimensional scene.
The simplified representation is adjusted by using known rays
and object surface intersections obtained from the casting, to
produce an adjusted simplified representation. The method
further includes processes for rendering a high quality image
including: casting a second plurality of rays toward said
adjusted simplified representation and testing the plurality of
rays for points of intersection with the object surfaces within
the simplified representation, estimating incoming light
within the adjusted simplified representation the points of
intersection with the object surfaces, examining material
properties of the object surfaces, and calculating a color and
light intensity for a plurality of pixels associated with the
second plurality of rays.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the present invention are illustrated
by way of example, and not by way of limitation, in the figures
of the accompanying drawings and in which like reference
numerals refer to similar elements.
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FIG. 1 shows an exemplary computer system, in accor-
dance with one embodiment of the present invention.

FIG. 2 depicts an original three dimensional scene and a
plurality of rays cast using the original scene, in accordance
with one embodiment of the present invention.

FIG. 3 depicts a simplified representation of the original
three dimensional scene having splats placed at the plurality
of'rays’ intersection points, in accordance with one embodi-
ment of the present invention.

FIG. 4 depicts a simplified representation of the original
three dimensional scene based on an approximation using
splats, in accordance with one embodiment of the present
invention.

FIG. 5 depicts an adjusted simplified representation of the
original three dimensional scene wherein the splats are
shrunk to eliminate spurious intersections, in accordance
with one embodiment of the present invention.

FIG. 6 depicts an adjusted simplified representation of the
original three dimensional scene based on an approximation
using shrunken splats, in accordance with one embodiment of
the present invention.

FIG. 7 depicts a flowchart of an exemplary computer
graphics method of rendering an image from a simplified
model of an original three dimensional scene, in accordance
with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to embodiments of
the present invention, examples of which are illustrated in the
accompanying drawings. While the present invention will be
discussed in conjunction with the following embodiments, it
will be understood that they are not intended to limit the
present invention to these embodiments alone. On the con-
trary, the present invention is intended to cover alternatives,
modifications, and equivalents which may be included with
the spirit and scope of the present invention as defined by the
appended claims. Furthermore, in the following detailed
description of the present invention, numerous specific
details are set forth in order to provide a thorough understand-
ing of the present invention. However, embodiments of the
present invention may be practiced without these specific
details. In other instances, well-known methods, procedures,
components, and circuits have not been described in detail so
as not to unnecessarily obscure aspects of the present inven-
tion.

For expository purposes, the term “horizontal” as used
herein refers to a plane parallel to the plane or surface of an
object, regardless of its orientation. The term “vertical” refers
to a direction perpendicular to the horizontal as just defined.
Terms such as “above,” “below,” “bottom,” “top,” “side,”
“higher,” “lower,” “upper,” “over,” and “under” are referred to
with respect to the horizontal plane.

FIG. 1 shows an exemplary computer system 100 in accor-
dance with one embodiment of the present invention. Com-
puter system 100 depicts the components in accordance with
embodiments of the present invention providing the execu-
tion platform for certain hardware-based and software based
functionality, in particular, computer graphics rendering and
display capability. In general, computer system 100 com-
prises a system board 106 including at least one central pro-
cessing unit (CPU) 102 and a system memory 104. The CPU
102 can be coupled to the system memory 104 via a bridge
component/memory controller (not shown) or can be directly
coupled to the system memory 104 via a memory controller
(not shown) internal to the CPU 102.
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Computer system 100 also comprises a graphics subsystem
114 including at least one graphics processor unit (GPU) 110.
For example, the graphics subsystem 114 may be included on
a graphics card. The graphics subsystem 114 may be coupled
to a display 116. One or more additional GPU(s) 110 can
optionally be coupled to computer system 100 to further
increase its computational power. The GPU(s) 110 may be
coupled to the CPU 102 and the system memory 104 via a
communication bus 108. The GPU 110 can be implemented
as a discrete component, a discrete graphics card designed to
couple to the computer system 100 via a connector (e.g., AGP
slot, PCI-Express slot, etc.), a discrete integrated circuit die
(e.g., mounted directly on a motherboard), or as an integrated
GPU included within the integrated circuit die of a computer
system chipset component (not shown). Additionally,
memory devices 112 may be coupled with the GPU 110 for
high bandwidth graphics data storage, e.g., the frame buffer.
In an embodiment, the memory devices 112 may be dynamic
random-access memory. A power source unit (PSU) 118 may
provide electrical power to the system board 106 and graphics
subsystem 114.

The CPU 102 and the GPU 110 can also be integrated into
a single integrated circuit die and the CPU and GPU may
share various resources, such as instruction logic, buffers,
functional units and so on, or separate resources may be
provided for graphics and general-purpose operations. The
GPU may further be integrated into a core logic component.
Accordingly, any or all the circuits and/or functionality
described herein as being associated with the GPU 110 can
also be implemented in, and performed by, a suitably
equipped CPU 102. Additionally, while embodiments herein
may make reference to a GPU, it should be noted that the
described circuits and/or functionality can also be imple-
mented and other types of processors (e.g., general purpose or
other special-purpose coprocessors) or within a CPU.

System 100 can be implemented as, for example, a desktop
computer system or server computer system having a power-
ful general-purpose CPU 102 coupled to a dedicated graphics
rendering GPU 110. In such an embodiment, components can
be included that add peripheral buses, specialized audio/
video components, IO devices, and the like. Similarly, system
100 can be implemented as a portable device (e.g., cellphone,
PDA, etc.), direct broadcast satellite (DBS)/terrestrial set-top
box or a set-top video game console device such as, for
example, the Xbox®, available from Microsoft Corporation
of Redmond, Wash., or the PlayStation3®, available from
Sony Computer Entertainment Corporation of Tokyo, Japan.
System 100 can also be implemented as a “system on a chip”,
where the electronics (e.g., the components 102, 104, 110,
112, and the like) of a computing device are wholly contained
within a single integrated circuit die. Examples include a
hand-held instrument with a display, a car navigation system,
a portable entertainment system, and the like.

FIG. 2 depicts a diagram of an original three dimensional
computer graphics scene 200 and a first plurality of rays 220
cast using the original scene 200, in accordance with one
embodiment of the present invention. The scene may be rep-
resented in computer memory as graphics data stored therein.
The original three dimensional scene 200 is a three dimen-
sional model intended to be converted into a 2-D image by a
computer graphics processing system for image display. The
original three dimensional scene 200 comprises an object 222
within the scene. In an embodiment, the image is rendered
using ray tracing, a technique for generating an image by
tracing the path of light through pixels in an image plane and
simulating the effects of its encounters with virtual objects.
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In accordance with ray tracing graphics rendering, a first
plurality of rays 220 are cast towards the object 222 within the
original three dimensional scene 200. Once cast, the first
plurality of rays 220 may intersect 224 with a surface of the
object 222. The first plurality of rays 220 may also be recast
a number of times within the scene 200 as reflected rays,
transmitted rays, or shadow rays. The distribution of the ori-
gins and endpoints of the first plurality of rays 220 provide
information about the locations and orientations of the scene
200 geometry.

When only a relatively small number of rays are cast into
the original three dimensional scene 200, the resulting ren-
dered image is typically of poor quality. Typically, a large
number of rays are required for a high quality rendering, e.g.
to bring noise down to a reasonable level. In an embodiment
of'the present invention, the first plurality of rays may reflect
orrefract off the object 222, resulting in additional rays within
the original three dimensional scene 200. In another embodi-
ment, more rays may need to be re-cast into the original three
dimensional scene 200.

After the first plurality of rays 220 are cast towards the
object 222, a simplified representation of the original three
dimensional scene 200 is constructed.

FIG. 3 depicts a simplified representation of the original
three dimensional scene 200 having a plurality of splats 326
placed at the first plurality of rays’ 220 intersection points
224, in accordance with one embodiment of the present
invention. The splats 326 are located on the tangent planes of
the ray endpoints, where the first plurality of rays 220 inter-
sect 224 with the object 222. In an embodiment, splats 326 are
circles on the tangent planes of the ray endpoints. In other
embodiments, splats 326 may be elliptical, circular aug-
mented with clipping lines, or other shapes.

The splats 326 may be formed by using a standard k-near-
est neighbor search to adapt to the local density of the first
plurality of rays’ 220 intersection points 224 and derive a
radius for each one in accordance with one embodiment. A
k-nearest neighbor search is well known in the art. The result
is an approximation of the original three dimensional scene
200 geometry in terms of splats 326 located on the tangent
planes of the ray endpoints.

The splats 326 intersect with the first plurality of rays 220
at splat-ray intersection points 328. Because the splats 326
intersect with the plurality of rays 220, the splats do not
approximate the original three dimensional scene 200 faith-
fully.

While this approach of placing splats 326 is typically fast
and automatic, there is no guarantee that the obtained simpli-
fied representation of the original three dimensional scene
faithfully represents the original three dimensional scene.
Thus, the simplified representation may not be suitable for
high-quality rendering.

FIG. 4 depicts a simplified representation 400 of the origi-
nal three dimensional scene (FIG. 2) based on an approxima-
tion using splats 326, in accordance with another embodiment
of the present invention. FIG. 4 is similar to FIG. 3 with the
exception that it only shows the splats 326 that were placed on
the tangent planes of the ray endpoints. As can be seen in FI1G.
4, the splats do not approximate the original three dimen-
sional scene 200 faithfully. It is possible that some rays 220
that are not occluded in the original three dimensional scene
200 will intersect the object 222 (FIG. 2) in the simplified
representation 400. Embodiments of the present invention
adjust the simplified representation 400 to approximate the
original three dimensional scene 200 faithfully, as described
below.
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It can be appreciated that the simplified representation 400
may be represented using a polygon mesh or a triangular
mesh.

FIG. 5 depicts an adjusted simplified representation of the
original three dimensional scene 200 wherein the splats 430
are shrunk to eliminate spurious intersections 328 (FIG. 3), in
accordance with another embodiment of the present inven-
tion. As previously mentioned, because the splats 326 inter-
sect with the first plurality of rays 220, the splats do not
approximate the original three dimensional scene 200 faith-
fully.

The simplified representation 400 (FIG. 4) is adjusted to be
consistent with the original input sampling obtained from
casting the first plurality of rays 220. The adjusted simplified
representation is consistent if casting the first plurality of rays
220 towards the simplified representation 400 (FIG. 4) and
casting the first plurality of rays 220 towards the original three
dimensional scene 200 yield the same points of intersection
with surfaces of the object 222.

The adjusted simplified representation is constructed by
tracing the rays that were used to obtain the input samples
against the simplified representation 400 (FIG. 4) and by
shrinking the splats 326 (FIG. 3) up to the splat-ray intersec-
tion points 328. The splats 326 (FIG. 3) may be shrunk by
modifying each splat’s 326 (FIG. 3) radius to be smaller than
a distance between the spurious intersection and the origin of
the splat 326 (FIG. 3). Shrinking the splats 326 (FIG. 3) yields
adjusted splats 430. Since, from the initial sampling, knowl-
edge exists that the first plurality of rays 220 were unob-
structed until at least the splat-ray intersection points 328, the
simplified representation 400 (FIG. 4) can be fine-tuned,
resulting in an adjusted simplified representation that faith-
fully represents the original three dimensional scene 200.

FIG. 6 depicts an adjusted simplified representation 600 of
the original three dimensional scene 200 (FIG. 2) based on an
approximation using shrunken splats 430, in accordance with
another embodiment of the present invention. FIG. 6 is simi-
lar to FIG. 5 with the exception that it only shows the
shrunken splats 430 that were shrunk from the originally
placed splats 326 (FIG. 3) on the tangent planes of the ray
endpoints. As can be seen in FIG. 6, the splats approximate
the original three dimensional scene 200 faithfully as there
are no longer any spurious intersections 328 (FIG. 3).

Shrinking of the splats results in substantial improvement
to the quality of the approximation and makes it suitable for
high-quality rendering. All of the original rays hit the adjusted
simplified model 600 in the same place as in the original three
dimensional scene 200 representation (see FIG. 5 descrip-
tion). Performing a rendering operation on the adjusted sim-
plified representation 600 yields a substantially similar result
to performing a rendering operation on the original three
dimensional scene 200.

FIG. 7 depicts a flowchart 700 of a computer-controlled
exemplary method of rendering an image from a simplified
model of an original three dimensional scene, in accordance
with one embodiment of the present invention. The computer-
controlled method of flowchart 700 may be implemented on
the system of FIG. 1. In a block 702, a first plurality of rays are
cast towards an original three dimensional scene comprising
objects with object surfaces.

For example, in FIG. 2, a first plurality of rays are cast
towards an original three dimensional scene. The original
three dimensional scene comprises an object with a surface.
The first plurality of rays intersect with the object at the object
surfaces.

In a block 704 of FIG. 7, a simplified representation of the
original three dimensional scene is constructed. The simpli-
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6

fied representation may be constructed by using a k-nearest
neighbor search to adapt to alocal density of endpoints for the
first plurality of rays. A radius is then derived for each of the
first plurality of rays and a simplified representation of the
original three dimensional scene is created in terms of splats
on tangent planes of the first plurality of rays’ endpoints.

For example, in FIG. 3, a simplified representation of the
original three dimensional scene is created using splats on the
tangent planes of the first plurality of rays’ endpoints. The
simplified representation is an approximation of the original
three dimensional scene.

In a block 706 of FIG. 7, the simplified representation is
adjusted to be consistent with the original three dimensional
scene by using known rays and object surface intersections
obtained from the casting. The result is an adjusted simplified
representation. The adjusted simplified representation is
made consistent with the original three dimensional scene by
adjusting the simplified representation so that casting the first
plurality of rays towards the simplified representation and
casting the first plurality of rays towards the original three
dimensional scene yield the same points of intersection with
the object surfaces.

The adjusted simplified representation is created by tracing
the first plurality of rays against the simplified representation
and shrinking the plurality of splats that intersect with the first
plurality of rays. For example, in FIG. 5, the simplified rep-
resentation is adjusted to produce an adjusted simplified rep-
resentation by shrinking the plurality of splats up to the inter-
section points of the first plurality of rays and plurality of
splats.

After creating the simplified representation and adjusting it
to produce the adjusted simplified representation, the
adjusted simplified representation can be used for high-qual-
ity image rendering. In a block 708, a second plurality of rays
are cast toward the adjusted simplified representation and
tested for points of intersection with the object surfaces
within the adjusted simplified representation. In a block 710,
the incoming light is estimated within the adjusted simplified
representation at the points of intersection with the object
surfaces. In a block 712, the material properties of the object
surfaces are examined. In a block 714, a color and light
intensity for the plurality of pixels are associated with the
second plurality of rays. Optionally, the result of block 714
may be displayed on a display screen.

In the foregoing specification, embodiments of the inven-
tion have been described with reference to numerous specific
details that may vary from implementation to implementa-
tion. Thus, the sole and exclusive indicator of what is, and is
intended by the applicants to be, the invention is the set of
claims that issue from this application, in the specific form in
which such claims issue, including any subsequent correc-
tion. Hence, no limitation, element, property, feature, advan-
tage, or attribute that is not expressly recited in a claim should
limit the scope of such claim 1n any way. Accordingly, the
specification and drawings are to be regarded in an illustrative
rather than a restrictive sense.

The foregoing description, for purpose of explanation, has
been described with reference to specific embodiments. How-
ever, the illustrative discussions above are not intended to be
exhaustive or to limit the invention to the precise forms dis-
closed. Many modifications and variations are possible in
view of the above teachings.

What is claimed is:

1. A computer graphics implemented method comprising:

casting a first plurality of rays towards an original three
dimensional scene comprising objects with object sur-
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faces wherein said first plurality of rays may be recast
within said original three dimensional scene;
constructing a simplified representation of said original
three dimensional scene, wherein said constructing fur-
ther comprises:
using a k-nearest neighbor search to adapt to a local
density of endpoints for said first plurality of rays;
deriving a radius for each of said first plurality of rays;
and
creating an approximation of said original three dimen-
sional scene in terms of a plurality of splats on tangent
planes of said endpoints; and
adjusting said simplified representation to be consistent
with said original three dimensional scene by using
known rays and object surface intersections obtained
from said casting, to produce an adjusted simplified
representation, wherein said adjusting further com-
prises:
tracing said first plurality of rays against said simplified
representation; and
shrinking said plurality of splats that intersect with said
first plurality of rays to produce said adjusted simpli-
fied representation.
2. The method of claim 1 further comprising:
casting a second plurality of rays toward said adjusted
simplified representation and testing said second plural-
ity of rays for points of intersection with said object
surfaces within said adjusted simplified representation;

estimating incoming light within said adjusted simplified
representation at said points of intersection with said
object surfaces;

examining material properties of said object surfaces; and

calculating a color and light intensity for a plurality of

pixels associated with said second plurality of rays.

3. The method of claim 1 wherein said adjusted simplified
representation is made consistent with said original three
dimensional scene by adjusting said simplified representation
so that casting said first plurality of rays towards said simpli-
fied representation and casting said first plurality of rays
towards said original three dimensional scene yield the same
points of intersection with said object surfaces.

4. The method of claim 1 wherein said adjusted simplified
representation is used for high quality image rendering in a
computer graphics system.

5. The method of claim 4 wherein a result of said rendering
using said adjusted simplified representation of said three
dimensional scene is substantially similar to a result of ren-
dering by using said original three dimensional scene.

6. A non-transitory computer readable storage medium
having stored thereon, computer executable instructions that,
if executed by a computer system cause the computer system
to perform a method of ray tracing, said method comprising:

casting a first plurality of rays towards an original three

dimensional scene comprising objects with object sur-

faces wherein said first plurality of rays may be recast

within said original three dimensional scene;

constructing a simplified representation of said original

three dimensional scene, wherein said constructing fur-

ther comprises:

using a k-nearest neighbor search to adapt to a local
density of endpoints for said first plurality of rays;

deriving a radius for each of said first plurality of rays;
and

creating an approximation of said original three dimen-
sional scene in terms of a plurality of splats on tangent
planes of said endpoints; and
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adjusting said simplified representation to be consistent
with said original three dimensional scene by using
known rays and object surface intersections obtained
from said casting, to produce an adjusted simplified
representation, wherein said adjusting further com-
prises:
tracing said first plurality of rays against said simplified
representation; and

shrinking said plurality of splats that intersect with said
first plurality of rays to produce said adjusted simpli-
fied representation.

7. The computer readable storage medium of claim 6,
wherein

said method further comprises:

casting a second plurality of rays toward said adjusted
simplified representation and testing said second plural-
ity of rays for points of intersection with said object
surfaces within said adjusted simplified representation;

estimating incoming light within said adjusted simplified
representation at said points of intersection with said
object surfaces;

examining material properties of said object surfaces; and

calculating a color and light intensity for a plurality of
pixels associated with said second plurality of rays.

8. The computer readable storage medium of claim 6
wherein said adjusted simplified representation is made con-
sistent with said original three dimensional scene by adjust-
ing said simplified representation so that casting said first
plurality of rays towards said simplified representation and
casting said first plurality of rays towards said original three
dimensional scene yield the same points of intersection with
said object surfaces.

9. The computer readable storage medium of claim 6
wherein said adjusted simplified representation is used for
high quality image rendering in a computer graphics system.

10. The computer readable storage medium of claim 9
wherein a result of said rendering using said adjusted simpli-
fied representation of said three dimensional scene is substan-
tially similar to a result of rendering by using said original
three dimensional scene.

11. A computer graphics system comprising:

a processor coupled to a computer readable storage media
via a bus and wherein said processor is operable to
execute computer readable code which causes the com-
puter system to perform a method of rendering image
data, said method comprising:

casting a first plurality of rays towards an original three
dimensional scene comprising objects with object sur-
faces wherein said first plurality of rays may be recast
within said original three dimensional scene;

constructing a simplified representation of said original
three dimensional scene, wherein said constructing fur-
ther comprises:
using a k-nearest neighbor search to adapt to a local

density of endpoints for said first plurality of rays;
deriving a radius for each of said first plurality of rays;
and
creating an approximation of said original three dimen-
sional scene in terms of a plurality of splats on tangent
planes of said endpoints; and

adjusting said simplified representation to be consistent
with said original three dimensional scene by using
known rays and object surface intersections obtained
from said casting, to produce an adjusted simplified
representation, wherein said adjusting further com-
prises:
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tracing said first plurality of rays against said simplified
representation; and
shrinking said plurality of splats that intersect with said
first plurality of rays to produce said adjusted simpli-
fied representation.
12. The system of claim 11, wherein said method further
comprises:
casting a second plurality of rays toward said adjusted
simplified representation and testing said second plural-
ity of rays for points of intersection with said object
surfaces within said adjusted simplified representation;

estimating incoming light within said adjusted simplified
representation at said points of intersection with said
object surfaces;

examining material properties of said object surfaces; and

calculating a color and light intensity for a plurality of

pixels associated with said second plurality of rays.

13. The system of claim 11 wherein said adjusted simpli-
fied representation is made consistent with said original three
dimensional scene by adjusting said simplified representation
so that casting said first plurality of rays towards said simpli-
fied representation and casting said first plurality of rays
towards said original three dimensional scene yield the same
points of intersection with said object surfaces.

14. The system of claim 11 wherein said adjusted simpli-
fied representation is used for high quality image rendering in
a computer graphics system, and wherein a result of said
rendering using said adjusted simplified representation of
said three dimensional scene is substantially similar to a
result of rendering by using said original three dimensional
scene.
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